Study Objectives: Reference data for sleep are needed for the interpretation of clinical sleep parameters. This analysis aimed to provide polysomnographymeasured, spectral analytic and subjective reference data based on a sample of healthy adults. In addition, effects of age and sex were investigated. Methods: The sample was selected from the archival database of the Sleep Center at the University Medical Center Freiburg and consisted of 206 healthy adults aged 19 to 73 years. For an adaptation and a second examination night, polysomnography parameters, spectral analytic data, and subjective sleep estimations are presented. Results: With increasing age, sleep became shorter (less total sleep time, more wake time after sleep onset) and lighter (eg, more percentage of stage N1 sleep, increase in fast activity in the beta range). Sleep in females was deeper than sleep in males (eg, higher percentage of stage N3 sleep). Females had higher overall power density than males. Altogether, it is apparent that sleep parameters exhibit high standard deviations, suggesting a high variability within healthy adults and complicating the specification of reference values. Conclusions: Our data suggest that the informative value of sleep reference data in healthy individuals is limited because of high interindividual and intraindividual variation within sleep variables. More research, preferably in the form of meta-analyses and/or large international databases, is needed to further investigate the relevance of such reference data for mental and physical health. In the absence of such knowledge, giving patients feedback about deviations from the norm in their sleep profile may give rise to ill-founded concerns and worry. pii: jc-17-00479 http://dx.doi.org/10.5664/jcsm.7036 publication on the topic was provided by Karacan et al., 6 who investigated sleep in a group of 17 adolescents over 4 years. Their main findings were that there were only small differences between the sexes and that slow wave sleep reached a peak in teenage adolescents. More recent investigations of larger adult samples found decreases in sleep continuity (eg, total sleep time) and sleep depth (eg, percentage of slow wave sleep) with age 3 and replicated the finding that differences between the sexes were subtle or absent. 2 The authors of a meta-analysis summarizing PSG studies in healthy adults found that total sleep time, sleep efficiency, percentage of slow wave sleep, percentage of stage R sleep, and REM sleep latency significantly decreased with age, whereas sleep latency, percentage of stage N1 sleep, percentage of stage BRIEF SUMMARY
I NTRO DUCTI O N
The current gold standard tool for the measurement of physiological sleep is polysomnography (PSG). In addition, subjective estimations of sleep with sleep diaries and questionnaires are important because some sleep disorders (such as insomnia) are mainly diagnosed based on subjective complaints. A differentiation between a "normal" and a "pathological" polysomnogram or sleep diary, yet, is not easy, because values that allow clinicians to determine normal versus pathological sleep are not available for many variables.
Several research groups have provided reference data sets for sleep in healthy adults and, in addition, have investigated differences between the sexes and age changes. [1] [2] [3] [4] [5] [6] An early
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N2 sleep, and wake after sleep onset increased. Within this meta-analysis, large heterogeneity between the included studies was found, that may, among other factors, be attributable to the quality of subject screening.
The aim of the current study was to add to the existing data by providing a replication and verification of previous data regarding PSG-measured sleep in healthy adults, and to critically discuss the relevance of such normative data. In addition, the current study complements the existing literature by providing subjective sleep estimations and power spectral data. Specifically, we measured sleep via PSG, power spectral density, and subjective reports for 2 consecutive nights in a sleep laboratory in a sample of 206 healthy adults aged 19 to 73 years.
M ETHO DS
Sample
The sample was selected from the total sample of healthy individuals in the archival database of the Sleep Center at the Department of Psychiatry and Psychotherapy, Medical Center -University of Freiburg. Healthy participants were recruited as control participants for different sleep studies and received financial remuneration for participation. All participants underwent an extensive screening procedure, including a detailed clinical interview with experienced sleep clinicians (medical doctors and clinical psychologists), routine physical examination, routine electrocardiogram and routine electroencephalogram (EEG), and standard blood count. Individuals in the current sample were examined in the sleep laboratory for 2 consecutive nights between 1996 and 2015.
Inclusion criteria for the current study were age 18 years or older, availability of data for 2 consecutive nights of PSG and spectral data, availability of subjective sleep data for the same 2 nights, time in bed between 450 and 550 minutes for both nights, and total sleep time (TST) above 210 minutes for both nights. Participants with lower TST were excluded because such outliers are likely to reflect special circumstances, not normal sleep.
Exclusion criteria were lifetime history of any sleep disorder according to the International Statistical Classification of Diseases and Related Health Problems, 10th Revision criteria in the clinical interview (eg, insomnia, hypersomnia, parasomnia, sleep apnea syndrome, restless legs syndrome, shift work disorder, and circadian rhythm sleep disorder), irregular sleep wake schedule or international flight 2 weeks prior to the sleep laboratory examination, lifetime history of any psychiatric disorder, lifetime history of any clinically relevant medical or neurological disorder, abuse of or dependency on alcohol or illegal drugs, caffeine intake > 900 mg per day, excessive nicotine use (> 10 cigarettes per day), use of hypnotic medication or medication known to affect sleep during the 2 weeks before or during the sleep laboratory examination, and pregnancy. All studies were conducted in accordance with the Declaration of Helsinki. All individuals gave their informed written consent that their data may be analyzed and published in anonymized form for scientific purposes.
Procedures
All participants underwent 2 consecutive nights of PSG. Sleep was recorded on a 24-channel EEG PSG device for 8 to 9 hours per night from "lights out" (10:00 pm -11:00 pm) until "lights on" (6:00 am -7:00 am) and digitized at a rate of 200 Hz. All recordings included EEG (C3-A2; C4-A1), electrooculography (horizontal and vertical), and electromyography (submental), and were scored visually by experienced raters. The earlier studies (before 2008) were scored according to Rechtschaffen and Kales criteria. 7 From 2008 onward, the American Academy of Sleep Medicine (AASM) criteria 8 have been used and additional frontal (Fz) and occipital (Oz) electrodes were included, using Cz as a reference. For consistency reasons, in the older studies, the scored data for stage 3 and stage 4 sleep were combined into stage N3 sleep. Seventy-seven participants were investigated before 2008 according to Rechtschaffen 
EEG Spectral Analysis
A standard procedure was used for EEG spectral analysis. 9 An all-night spectral analysis was performed on the same 30-second epochs for which sleep stages had been determined. Within each 30-second epoch, spectral power was calculated using the fast Fourier transform algorithm from 22 512-point windows overlapping by half, resulting in a spectral resolution of 0.39 Hz. The goal of the further analysis was to minimize the effects of confounding variables on the spectra averaged across epochs, such as the number of movements or arousals and other sleep parameters that can be analyzed separately. 10 This was done by a fully automatic exclusion of ''deviant'' epochs from the average. Deviant epochs were those containing movements or arousals as determined during staging. Allnight spectral power averages (alpha [8] [9] [10] [11] [12] 
Subjective Data
The Sleep Questionnaire-A (SF-A) was administered in the morning after both sleep laboratory nights. 11 The SF-A captures subjective aspects of sleep in the preceding night, including subjective ratings of TST, SOL, and WASO. Subjective SE was calculated using SF-A wake times and bed times documented in the sleep laboratory as a way to eliminate discrepancies solely due to erroneous bed time responses in the questionnaire. Sleep quality was computed as the arithmetic mean of seven SF-A subscales. 11 On the seven subscales, participants rated how regular, deep, relaxed, calm, undisturbed, good, and extensive their sleep had been in the preceding night on fivepoint Likert scales. Values range from 1 (not at all) to 5 (very much). Higher values indicate better subjective sleep quality.
Statistical Analysis
All statistics were calculated with SPSS version 22 (IBM Corp, Armonk, New York, United States). First, with the objective of providing reference data for healthy individuals, means and standard deviations (SD) were calculated for all PSG and subjective sleep parameters. In addition, percentiles were calculated for the PSG variables. Secondary analyses were carried out to test for the influence of age and sex on sleep variables, and linear regression analyses were calculated with the predictors age and sex and the sleep variables as dependent variables. For paired samples, t tests were carried out to test for the influence of night number (first versus second night) on sleep continuity variables and percentages of sleep stages. To test for symmetric data distribution as a prerequisite for the linear regression analyses, the distribution of the dependent variables was visually inspected with histograms. Logarithmic transformation was performed for variables with skewed distributions. This was the case for the variables SOL, WASO, subjective WASO, and percentage of stage N1 sleep (skewed to the right) as well as TST and SE (skewed to the left).
R ESU LT S
Description of the Sample
The sample consisted of 85 males and 121 females with a mean age of 39.8 ± 12.9 years. The age range for the total sample was 19-73 years. In line with Mitterling et al., 2 
Reference Data
Reference data (mean ± SD) for the PSG variables are listed in Table 1 . Reference data for subjective sleep are shown in Table 2 . Reference data for spectral data are listed in Table 3 . Percentiles for PSG variables and spectral data are shown in 
Influence of Age and Sex on Polysomnography
The results of the linear regression analysis investigating the influence of age and sex on polysomnography and spectral data are shown in Table 4 . Age was a significant predictor of the following variables: objective TST, SE, and WASO as well as number of wake periods, arousal index, percentages of wake, stage N1, R, and N3 sleep, REM sleep density, as well as subjective TST, SE, and WASO, such that sleep became shorter (ie, less total sleep time, more wake time after sleep onset) and lighter (ie, more percentage of stage N1 sleep, less percentage of stage N3 sleep) with age. Sex was a significant predictor of PSG-measured number of wake periods, percentage of stage N1 and N3 sleep, whereby sleep in females was deeper than in males (less wake periods and percentage of stage N1 sleep, higher percentage of stage N3 sleep in females). Interestingly, sex was not a significant predictor of subjective sleep quality. The amount of variance explained through age and sex was between 10% and 27% for PSG-measured SE, WASO, the amount of wake periods, percentage of wake, and percentage of stage N1 and N3 sleep as well as periodic limb movements in sleep index with and without arousal. The explained variance was in the single digit range for all other variables (including subjective sleep).
Influence of Night Number on Polysomnography
Paired sample t tests yielded highly significant effects (all P < .001) of night number on TST, SE, SOL, WASO, arousal indices, and percentages of wake and sleep stages. The results were consistent with the first-night effect hypothesis whereby sleep was better during the second night (longer TST, higher SE, shorter SOL and WASO, lower arousal index, lower percentages of wake and stage N1 sleep, higher percentages of stage N2, N3, and R sleep).
Influence of Age and Sex on Spectral Data
As shown in Table 4 , age was a significant predictor of beta and sigma power during stage R sleep as well as delta 1 and sigma 1 power during stage N2 sleep. The results of the spectral analysis complement the results of the PSG analysis so that sleep became lighter with age (increase in fast activity in the beta range, less sigma activity, ie, sleep spindles range). Sex was a significant predictor of almost all spectral variables, so that females had higher overall power density than males.
DISCUSSI ON
The current analysis of PSG, EEG power spectral density, and subjective sleep estimations provides a set of reference data for sleep researchers and clinicians. It is apparent that most sleep continuity variables exhibit relatively high standard deviations, indicating a high variability within this group of healthy adults. For example, for the total sample of males, the area of one standard deviation around the mean was 4 to 40 minutes for SOL and 71% to 93% for SE. This indicates that values often classified as pathological by clinicians, such as a SOL longer than 30 minutes and a SE below 80%, are well within the bounds of the healthy sample.
For a comparison of our PSG results to previously published reference data, we focus on two recent publications by Mitterling et al. 2 and Danker-Hopfe et al. 3 with which we find large similarities. Our findings of decreases in sleep continuity and changes in sleep architecture with age corroborate previous publications and most likely reflect normal aging processes. In line with our data, Mitterling et al. 2 found decreases in TST, SE, Earlier publications also demonstrated marked effects of age and sex on spectral density. 5, 12 Previous findings suggest that aging leads to a decrease of homeostatic sleep pressure and an increase in cortical arousal during sleep. 7 Corroborating this hypothesis, our data show a decrease in non-rapid eye movement sigma activity with increasing age (sleep spindle range) that has been identified as a marker of stable, interference-resistant sleep, 13 as well as an increase of power in the beta range that is associated with cognitive processes. 14 This pattern of age-related changes suggests that with increasing age, sleep becomes more prone to external disturbances (eg, noise), and increasingly resembles wake-like cognitive activity, which may lead to enhanced remembering of cognitive processes during sleep and the subjective experience of sleep disturbance. Our finding that females have higher power density in most spectra is also consistent with previous results 4, 5 and may, among other potential factors, be related to differences in cranial bones. 14 Whereas Carrier et al. 5 found this difference only in the delta, theta, alpha 1, and sigma 2 band, Svetnik et al., 4 Dijk et al., 15 and our own analysis demonstrated higher power density in females throughout all bands.
We believe that our data add to the existing literature in terms of replication and verification of previous results in a different sample. Strengths of the current analysis include the large and thoroughly screened sample of healthy good sleepers, the presence of 2 consecutive nights of PSG, and the inclusion of spectral data and subjective sleep ratings. A limitation is the small number of individuals older than 60 years, which is due to difficulties in recruiting healthy participants without medication in this age group. A further limitation is that all reference data were collected under laboratory conditions. Thus, the results cannot be generalized to sleep in the home environment or to different laboratory conditions (eg, different bedtimes and rise times or a different time in bed). In addition, because older studies (before 2008) were scored according to The high clinical importance of sleep is underpinned by high prevalence rates of sleep disturbances in patients with mental 16 and neurological 17 disorders, the identification of sleep disorders as predictors for the de novo onset of other diseases. For example, insomnia is seen as a predictor of major depression, 18 REM sleep behavior disorder as a predictor of neurodegenerative disorders, 19 as well as the identification of sleep characteristics as predictors of the course of illness and treatment response (eg, mortality in chronic heart failure, 20 relapse in alcohol dependence, 21 and recurrence in depression 22, 23 ).
However, the potential predictive value of sleep variations in mentally and physically healthy individuals (eg, for the de novo onset of a disorder) is less well studied. Therefore, the significance of reference data for healthy individuals and the informative value of deviations from the reference framework in the absence of a manifest sleep disorder are not well understood.
Better subjective sleep in healthy individuals seems to be associated with aspects of better physical health. For example, in a sample of 153 healthy individuals (age range 21-55 years), subjective sleep was monitored over a period of 14 days. 24 Subsequently, participants were exposed to a rhinovirus using nasal drops. In participants with fewer than 7 hours of sleep per night, symptoms of a cold were 2.9 times more likely to develop than in individuals with 8 or more hours of sleep. A limitation of the study is that the duration of sleep per night was not related to the individual sleep need of the participants. Although 7 hours of sleep may be sleep restriction for individuals with a high sleep need, the same duration may be enough for habitual short sleepers. However, because the percentage of days with self-reported restful sleep was not associated with the likelihood of catching a cold, it seems rather unlikely that the relationship between sleep need and actual sleep time plays an important role in this case.
Although this study suggests that measures of sleep continuity and sleep architecture are associated with various health outcomes in healthy individuals, we are far from being able to derive and establish clear cutoff values for healthy versus unhealthy sleep for most PSG-measured and subjective sleep variables. In medicine and clinical psychology, reference data are often used to describe an individual in relation to the population. Such a classification is important for the identification of pathological deviations from the norm, which are indicative of certain diseases and may need treatment. Abnormal values are typically defined as values that are above or below a certain percentile rank (often 2.5%, meaning that the value of the patient is higher or lower than the values of 97.5% of healthy control persons).
The difficulty in providing such reference data for sleep is due to the high interindividual and intraindividual variations as well as a paucity of research into the long-term outcomes of so-called "poor" PSG-measured and subjective sleep in healthy individuals. Currently in society, however, there is an abundant interest in monitoring physiological functions to manage and optimize health and health care. This also comprises sleep, which is reflected in an increasing number of devices and smartphone applications aiming to measure, interpret, and improve sleep. Although a commitment to health is generally welcome, there are also potential risks and downsides to this development. Monitoring and optimization of a health parameter make sense if a valid healthy target range is known. Yet a definition of healthy, "normal" sleep is difficult. It is probably misleading to conclude that every deviation from a statistical norm (eg, very high or low percentile rank), is pathological. For sleep variables, the "normal" range is quite wide and difficult to define. Sleep clinicians often face the tasks of diagnosing and treating pathological sleep and reassuring clients who are excessively worried about potential adverse consequences of poor sleep.
In light of the high interindividual variations, an appropriate definition of healthy sleep may need to take into account the individual sleep need. Future studies investigating whether a certain degree of discrepancy between individual sleep need and habitual sleep duration makes people more vulnerable to mental and somatic disorders would be of high interest. For this purpose, the development of a large, international sleep database (biobank) is desirable. 
A BBRE V I ATI O NS
